Fertility and morphological characteristics of interspecific and intergeneric hybrids between radish, cabbage, and Chinese cabbage were compared with those of the parents. Because some hybrid progenies were sterile, they were propagated vegetatively through in vitro culture. 3. About 6% of the interspecific radish explants regenerated shoots on the initial medium; none was obtained in the first and second subculture media. From 50~67% of the calli from intergeneric hybrids between cabbage and radish yielded shoots on the initial medium; 16~66% and 10~20% of the calli formed shoots on the first and second subculture, respectively. As much as 70% of the calli from interspecific hybrids between cabbage and Chinese cabbage formed shoots on the initial medium; 30 60% of the calli regenerated shoots when subcultured.
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Hegazi H. Hegazi and Sachiko Matsubara Faculty of Agricultural Sciences, Okayama University, Tsushima, Okayama 700 Summary Fertility and morphological characteristics of interspecific and intergeneric hybrids between radish, cabbage, and Chinese cabbage were compared with those of the parents. Because some hybrid progenies were sterile, they were propagated vegetatively through in vitro culture.
Hypocotyl segments were imbedded on MS medium containing combinations of two phytohormones: 2,4-D plus BA or kinetin, or NAA plus BA or kinetin. The synthetic auxin and cytokinin concentrations were 0.1 and 1.0 mg/liter, respectively. For plant regeneration, callus obtained from the hypocotyl was subcultured at monthly interval on a callus initiation or MS media with or without cytokinins. 1. Reciprocal hybrids showed considerable variations in their morphological characters. 2. Both parents and hybrid progenies formed callus on the MS medium supplemented with auxins and BA and the subculture medium containing BA.
3. About 6% of the interspecific radish explants regenerated shoots on the initial medium; none was obtained in the first and second subculture media. From 50~67% of the calli from intergeneric hybrids between cabbage and radish yielded shoots on the initial medium; 16~66% and 10~20% of the calli formed shoots on the first and second subculture, respectively. As much as 70% of the calli from interspecific hybrids between cabbage and Chinese cabbage formed shoots on the initial medium; 30 60% of the calli regenerated shoots when subcultured.
Variations in callus size and weight obtained from parents and their progenies as a result of reciprocal crosses indicated that the ability to form callus and to regenerate shoots from calli was controlled by different genetic factors.
Introduction
In recent years, the genus Raphanus has been used extensively to make intergeneric hybrids in the Cruciferous plants. Amphidiploids have been made between R. sativus L. (RR) and both B. campestris (AA) and B. oleracea (CC) (1, 5, 9, 11, 12) . Hybrids involving three genomes (A, C and R) have also been reported (1, 6). These species are normally seed propagated. Thus to be commercially useful, it is important that the interspecific and intergeneric hybrids produce sufficient seeds. However, these hybrids are either low in fertility or sterile due to cytological irregularities (4), genetic imbalance (3), and/or genomic incongruities (2). Therefore, in vitro culture may be an effective means of proliferating these hybrids..This paper describes the in vitro method for vegetatively propagating hybrids between radishes, cabbage and Chinese cabbage.
Materials
and Methods reciprocal crosses and species (Table 1) . In intergeneric hybrids between Japanese radish and cabbage or Chinese cabbage, the percent fertile and seedless pods ranged between 3.8~12.1 and 1.0~54.4, respectibely, of pollinated flowers. In interspecific hybrids between cabbage and Chinese cabbage, 3.5~6.2% and 37~50%, of pollinated flowers. A hybrid population between a female Japanese radish and cabbage yielded 3.0 seeds per pod, whereas the other intergeneric hybrids produced only 0.3~0.7 seed per pod. The range of seed set of hybrids between the Japanese radish and radish was 3.2~4.8% of the pollinated flowers.
Seed

Morphological characters of hybrids
The hybrid plants resembled both of their parents, but some showed a wide range of morphological variation in characters, such as height, size and shape, and colors of the flowers and roots. In an intergeneric hybrid between radish and cabbage, leaf shape resembled that of the radish (Fig.  1) , whereas the epidermis inherited the characteristics of the cabbage. Flower color and shape resembled that of radish and cabbage, respectively. Flower color was white and pollen grains were sterile (Fig.2) . The hybrid progenies grew more vigorously than the parents. Leaf of interspecific hybrid between cabbage and Chinese cabbage resembled the cabbage in shape and the Chinese cabbage in veins distribution. However, the color of the hybrids was darker than that of parents (Fig.3) . Flower shape and inflorescence were in- termediate in appearance between those of the parents (Fig.4) . Roots of hybrid plant between Japanese radish and radish resembled the Japanese radish in shape but the radish in color.
Callus formation
All parents and their hybrids formed calli but their sizes varied depending on the kinds of phytohormones present in the medium (Fig.5) . Callus formed readily from explants of hybrids on the initial media supplemented with NAA and BA; callus yields from the first and second subculture medium containing 0.1 instead of 1.0 mg/liter BA were also good. There were significant differences (p<0.05) between the parents and their hybrid progenies regarding the case of callus formation with given concentrations and kinds of phytohormones (Table 2 ). Low frequency of callus formation was observed in the hybrids resulting from a reciprocal cross between Japanese radish 
Discussion
Intergeneric hybridization including radish has been given two new hybrid crops. Amphiploids between fodder radish and kale lines resulted in Raphanobrassica (Radicole) (9), whereas Brassicoraphanus (Raparadish) was produced from a course between rape and radish(12), two adding to the list of new potential crops. We produced two intergeneric F1 hybrids by crossing radish and cabbage and radish and Chinese cabbage. Differences of vigor found in hybrid between the reciprocal combination might indicate the effect of maternal cytoplasm on these characters. Pigmentation similar to 'Comet' was expressed phenotypically in root of the hybrid plant both reciprocal combination using Japanese radish `Harumaki Minowase' and radish 'Comet' indicating that the coloration in roots is controlled by major Mendelian genes (7).
Hybrids tend to produce bigger callus than those of both parents in the present study, indicating an effect of hybrid vigor extends to callus formation.
Friable and bigger calli were obtained from the seedlings of the intergeneric hybrid between B.
oleracea and R. sativus, in comparison with that from the parent strains. However, there are some morphological differences between calli obtained from reciprocal combinations.
Seedling plants obtained by crossing B. oleracea as female with R. sativus formed the biggest calli followed by the hybrid plant of the reciprocal combination. Calli of parent strains tend to be small; those of R. sativus were the smallest. Both `Harumaki Minowase' and 'Comet' formed the smallest calli in the initial and subcultures. This suggests that the maternal parent influences the vigor of the F1 hybrid calli.
The frequency of shoot regeneration from callus tends to be higher in hybrids than that of both parent strains. One explanation offered is that the Brassica and Raphanus plants used in the present study are genetically heterozygous, contributing to heterosis. By inadvertantly selecting vigorous but heterozygous plants for our hybridizing experiments, we may have chozen parents whose Fl hybrid progenies segregated into populations which can and cannot form vigorous, rapidly dividing calli with a potential to generate shoot meristems. Such a segregation would explain the differences in the potentials of progenies obtained through reciprocal crossing. However, the capacities to form calli and regenerate shoots are different between the genera of radish and cabbage. This difference is particularly clear in the first subculture regardless of the composition and concentration of phytohormones in the media (Fig. 5) . Calli in subcultures tend to have rather smaller variation, compared with the initial culture within the same strain. The potential of parents to transmit to the F1 progenies those genetic factors which govern seed weight and seedling size also differed between the radish and cabbage strains. The difference in parental seed size apparently affected the seed size and weight and also the seedling size of the intergeneric F1 progenies. This difference was also noted in the progenies resulting from their reciprocal crosses. The mean weight per 100 seeds and percentage of callus produced in the initial culture and regeneration ratio in the first and second subculture varied among the species and progenies. Radish which yielded the largest and heaviest seed produced the smallest and lightest calli, compared with the cabbage cultivars and hybrids. Seed However, when the calli in the first subculture were dissected into small ones of nearly equal size and transplanted into the second subculture medium, the occurrence of shoots regenerated tended to be random among the interspecific and intergeneric progenies. The percentage of calli which produced shoots depended on the type of phytohormones. This randomness held true even for the calli which formed in the initial medium. When they were deshooted and transferred to the subsequent medium, their ability to form new shoots became random. The result may indicate that strains with small seed weight tend to produce larger calli and in turn to show high ability of regeneration in the initial and subculture. Therefore, the difference of regeneration ability found in the reciprocal combination may depend on the initial seed size and weight of the hybrid seeds that are inherited from the seed bearing maternal plant. Nevertheless, general tendency of regeneration are low in radishes than cabbage and thus high regeneration ability of the cabbage is rather enhanced in the F1 hybrids with introduction radish genotype, indicating hybrid vigor for regeneration. 
